Mechanisms restricting the accumulation of chloroplast glycolipids in achlorophyllous etiolated or heat-treated 70S ribosome-deficient rye leaves (Secak cerealk L. cv "Halo") and thereby coupling glycolipid formation to the availability of chlorophyll, were investigated by comparing I'4Clacetate incorporation by leaf segments of different age and subsequent chase experiments. In green leaves f'4Clacetate incorporation into all major glycerolipids increased with age. In etiolated leaves glycerolipid synthesis developed much more slowly. In light-grown, heatbleached leaves 'Cilacetate incorporation into glycolipids was high at the youngest stage but declined with age. In green leaves ['4Cjacetate incorporation into unesterified fatty acids and all major glycerolipids was immediately and strongly diminished after application of an inhibitor of chlorophyll synthesis, 4,6-dioxoheptanoic acid. The turnover of glyco-or phospholipids did not differ markedly in green, etiolated, or heat-bleached leaves. The total capacity of isolated ribosome-deficient plastids for fatty acid synthesis was not much lower than that of isolated chloroplasts.
The glycolipids (MGDG,2 DGDG, and SQDG) represent the most abundant lipids of the plastid membranes. Except for the desaturation of oleate in 18:3-plants possessing the eucaryotic pathway of galactolipid synthesis (2, 7, 23, 24) , all steps of glycolipid synthesis appear to proceed within the plastids and part of them is associated with the envelope membranes (1, 2, 28) . In a previous publication (13) we have shown that the chloroplast-specific glycolipids were synthesized in 70S ribosome-deficient rye leaves that had been experimentally generated by growing seedlings at an elevated temperature of 32C which is nonpermissive for chloroplast ribosome formation (4 (6) .
In Vitro Incorporation of Galactose. Percoll gradient-purified plastids were incubated for 20 min at 25°C in darkness in a total volume of 0.25 ml of the following assay medium (modified from [8, 14, 30] (6) .
Analysis of Glycerolipids. Glycerolipids were extracted, separated by two-dimensional TLC, and identified as described (13 (Fig. 1 ). In green leaves (22°C light) incorporation was similar in the two younger segments but markedly increased in the oldest leaf segment. In heat-bleached 70S ribosome-deficient leaves (32°C light) incorporation in the youngest segment was similar to that of green leaves. However, it decreased with age of the tissue to a level found as maximal incorporation rate in the older segments ofetiolated leaves (22C dark). In the youngest segment of etiolated leaves, synthesis of saponifiable lipids was very low, as compared to the light-grown green or heat-bleached leaves ( Fig. 1 ).
The general tendencies described for ['4C]acetate incorporation into total saponifiable lipids ( Fig. 1) were also reflected by the patterns of its incorporation into the individual glycerolipids, both phospholipids and glycolipids ( Glycerolipid Turnover. Apparent turnover of the major glycerolipids was investigated for the middle segment (II) ofthe lower halves of the leaves (Fig. 1) after 3 conditions investigated (Fig. 3) . The radioactivity in MGDG, DGDG, SQDG, and PE showed a transitory rise, mainly in green leaves, with the maximum of MGDG preceding that of DGDG. The ratios of radioactivity in phospholipids to that in glycolipids and the ratios of radioactivity in MGDG to that in DGDG (not shown) decreased quite markedly during the chase under all conditions. The observations are in good agreement with the results of pulse-chase experiments from green pumpkin and maize leaves (20, 27) and with present conceptions about the fate of the fatty acid moieties during chloroplast glycolipid synthesis in leaves of 18:3-plants (2, 7, 23, 24) . Comparisons of the decreases of radioactivity and rough estimations ofthe half-times ofthe individual glycerolipids during their periods ofdegradation did, in general, not indicate major and significant differences of their turnover in green, heat-bleached 70S ribosome-deficient, or etiolated leaves (Fig. 3) , except that in some instances the degradation appeared to be faster in darkness. Rough estimations of average apparent half-times of phospholipids ranged between 8 and 14 h, and those for galactolipids between 9 and 18 h. The kinetics of degradation of the glycolipids in heat-bleached leaves might be interpreted as biphasic, with a rapid decline of newly formed material during the first 4 h and a slower degradation during the subsequent 20 h of observation (Fig. 3) .
Comparison 
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KOSMAC ANE formed in darkness, because the chlorotic ribosome-deficient plastids are unable to use light for the photosynthetic generation of ATP and NADPH. Inasmuch as fatty acid synthesis of intact plastids can be expected to be limited by the insufficient permeability for certain substrates, particularly reduced pyridine nucleotides, all assays were, in parallel, performed with both intact and osmotically shocked plastids (designated as 'broken plastids', however, without removal of the stroma fraction). The yields of intact plastids were assayed by their activities of the plastidspecific NADP-dependent glyceraldehyde-3-P dehydrogenase. All incorporation data were on the basis of this marker enzyme activity corrected to the rates catalyzed by the estimated total plastids from 1 higher than in intact chloroplasts, particularly when the bicarbonate concentration was increased from 10 mm, which is mostly applied (7, 21, 25) , to 100 mm (Fig. 4) . The prevailing products of broken chloroplasts were PA, DG, and Ufa, followed by MGDG and PG in the presence of 100 mM KHCO3. (Fig. 4) . Total acetate incorporation by intact ribosome-deficient plastids was even higher than that by intact chloroplasts (Fig. 4 ; Table II ). In broken ribosome-deficient plastids the maximal capacity for total fatty acid synthesis, as indicated by acetate incorporation into total saponifiable lipids or by the sum of the radioactivities in Ufa and glycerolipids, was, in the presence of 100 mm bicarbonate, only about 20% lower than in broken chloroplasts (Table II) inant product, DGDG, and low amounts of TGDG or tetragalactosyldiacylglycerol. The latter two galactolipids are usually formed in low amounts in vitro (20, 30) . In broken chloroplasts, or ribosome-deficient plastids, total galactosyl transfer was 2 to 3 times higher than in the intact organelle preparations. The total galactosyl transferase activity even of the broken ribosomedeficient plastids accounted, however, only for about 10% ofthat measured with broken chloroplasts (Table II) .
Comparison of Phosphatidate Phosphohydrolase Activities. The differences in the accumulation ofDG during in vitro acetate incorporation by chloroplasts and ribosome-deficient plastids could result from a differential dephosphorylation of PA. In preliminary experiments to assay this enzyme we have incubated osmotically broken preparations of intact rye chloroplasts or ribosome-deficient plastids with ['4C]glycerol-3-P at pH 7.6 in order to load them with PA according to the procedure ofJoyard and Douce (12) . The membranes expected to be loaded with ['4C]PA were separated from soluble components and further incubated at pH 8.5 to allow the phosphatidate phosphohydrolase to work, because in spinach chloroplast envelopes this enzyme showed highest activity around pH 9.0 but was virtually inactive around pH 7.0 (12) . However, in rye chloroplasts only 12% of the radioactivity incorporated from ['4C]glycerol-3-P were at the end ofthe loading period at pH 7.6 (Table III) present as PA and 88% were already transformed to DG (51%) and a second unidentified product, presumably a monoacylglycerol. During incubation ofthe preloaded chloroplast membranes from rye at pH 8.5 no further hydrolysis of PA occurred. In assays with ribosome-deficient plastids, 76% of the radioactivity incorporated from ['4C]glycerol-3-P were contained in PA at the end ofthe labeling period at pH 7.6 (Table III) (3, 26) . Previous observations of inhibitory effects of high Na-HCO3 concentrations (21) can be due to the sodium, rather than to the bicarbonate, as already discussed by the authors.
Our in vitro assays with isolated organelles clearly indicated that the potential capacity for fatty acid synthesis of the achlorophyllous plastids from heat-treated leaves was not greatly diminished, relative to chloroplasts, but that the galactosyl transferase activity was very low and presumably limiting galactolipid synthesis. It cannot yet be discriminated whether the low activity of the latter enzyme resulted from some feedback inhibition, from a suppression of its synthesis, a decay of this enzyme, or from a lack of the endogenous substrate DG in the membranes of the heat-bleached plastids. From the severe reduction of total glycerolipid synthesis observed under all conditions preventing Chl formation in intact leaf tissue, it is to be expected that in vivo also fatty acid synthesis is diminished in the absence of Chl formation and possibly controlled by some feedback inhibition. The inhibition of total fatty acid synthesis might only indirectly arise from a block of a later step in the synthesis of major glycerolipids, such as the galactosyl transfer reaction, when the fatty acid synthesis of the chloroplasts is "primarily controlled by the rates of removal of the products of the fatty acid synthetase," as suggested by Roughan et al. (21) .
As observed for chloroplasts from several other plants, designated as 18:3 plants, isolated rye plastids did not incorporate much acetate into galactolipids. Other investigators have explained this behavior by the observation that the synthesis of MGDG prefers DG with an 'eucaryotic' fatty acid configuration (23, 24) which involves a desaturation of oleate outside the chloroplasts. By contrast, PG was reported to have an exclusively 'procaryotic' fatty acid configuration (23, 24) and to be synthesized completely within the chloroplasts (17) . In accord with these findings, PG was, besides Ufa and PA, the main product formed from acetate in heat-bleached ribosome-deficient rye plastids, particularly at 100 mM KHC03. Isolated rye chloroplasts formed, however, little PG but accumulated DG instead. These differences ofglycerolipid accumulation in heat-bleached plastids and chloroplasts appear to result mainly from the very low phosphatidate phosphatase activity in heat-bleached plastids which prevents DG formation. Differences of the activities of PG-forming enzymes or the CTP supply might, in addition, play some role, are, however, not known. In the intact leaf the deficiency of chloroplastic phosphatidate phosphatase is not expected to limit the eucaryotic path ofglycolipid synthesis but the activity of this enzyme was found to be mostly rather low in 18:3 plants, also in green leaves (7, 24) .
